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INVESTIGATION OF CHANNEL SEAL
BLOW-BY PHENQMENON

A. FOREWORD

Based on a recent XC-142 aircraft accident, it was established
that the propeller pitch control actuator experienced a piston seal
blow-by condition which caused the actuator to drive the propeller to
the extreme low pitch position in flight causing the airplane to make
an uncontrolled orash landing. Prior to this accident several in-
cidents citing erratic behavior of the KC-135 airplane powered rudder
control system were reported. In several of thése incidents, the
cause of erratic rudder responses could not be explained. Accordingly,
since some similarity exists between the XC-142 actuator cap seal
design and the channel seal design used in the KC-135 power rudder
actuator, it was deemed advisable to conduct a teast program to
inventigate chamnel seal blow-by phenomenon using KC-135 power rudder
actuators, Secondly, if blow-by ocours, what modifications could
be incorporated in the seal design to alleviate blow-by?

B. PURPOSE

The purpose of this program is to investigate channel seal
blow-by phenomenon in KC-135 power rudder actuators and to record
the results of these investigations.

C. TEST_ APPARATUS DESCRIPTION

The apparatus utilized for conducting the tests during this
investigation is shown in Attachment Nrs. III, IV, and V. Referring
to Attachment Nr, III, two actuators were installed in an 8-inch
channel iron fixture with the actuator piston rods connected together.
The channel iron fixture is shown in Attachment Nr, II. 1In this
report, one of the actuators is referred to as the test unit and the
other is the load unit. The load unit was modified wherein the
actuator metering rod block (valve block) was removed and an adapter
plate was added to allow direct porting to each side of the load unit
piston. The adapter plate was also connected to & closed type fluid
load system. The test unit load could be varied by adjusting the
throttle valve to a pressure setting which corresponds to a simulated
aircraft load. Four check valves are installed in the load system
to permit high pressure fluid to flow from one side of the piston in
the test unit through the throttle valve while the other side of the
piston in the test unit is being refilled for the next stroke. 4An
oil to water heat exchanger was used to prevent excessive fluid
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temperatures in the load system. The test unit was cycled

by obtaining fluid under pressure from the supply system. This fluid
entered the metering valve which ported the fluid to one side of the
piston or the other depending on the position of the rudder slide
position controller. This position controller could be moved through
linkages either manually or by a variable speed electric motor (not
shown in Attrn-~ nt Nr, III).. The amplitude or length of metering
rod stroke coi... ve varied by positioning a cam attached to the
electric motor drive shaft. Four pressure transducers were installed
in the test system, one on each side of the test unit and load unit
pistons. Also, the stroke of the actuator piston and the position of
the metering rod were electronically recorded by & visiocorder not
shown in Attachment Nr. III. Photographs of the test system are
shown in Attachment Nr, IX. Included in these photographs are views
of the variable speed motor and the visicorder.

Attachment Nr. IV is basiocally similar to Attachment Nr, III
with the exception that the test unit piston rod is in a fixed
position and that the test unit body is permitted to move. This
installation is more representative of the actual KC-135 power rudder
actuator installation and permits position feedback to occur.

Attachment Nr, V is an alternate load system which is connected
to the load unit adapter plate in lieu of the load systems shown in
Attachment Nrs. III and IV. This system permits load to be imposed on
one side of the load unit piston rather than an alternating load as
shown in Attachment Nrs. III and IV. The acounulator was precharged
by nitrogen pressure and a hand pump was used to establish pressure
loads on the load unit (actuator).

The electric motor used to vary the frequency and amplitude
of the metering rod stroke was replaced with an MB Manufacturing
Company, Inc. vibrator to obtain high frequency strokes for portions
of this test program, since the electric motor was limited to pro-
ducing frequencies only to 500 cycles per minute maximum,

An instrumentation 1ist is shown in Attachment Nr. VII.

D. TEST PROCEDURES

Prior to any tests, both actuators were disassembled and
inspected to determine if the channel seals were notched or damaged.
Both systems as shown in Attachment Nrs. III and IV, as well as the
alternate load system Attachment Nr. V, were utilized during this
investigation. In general, the test procedure during this program
was as shown below:
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8, Adjust throttle valve on the load actuator to read
500 + 50 PSI. Adjust throttle valve on the test actuator to read l
1000 + 50 PSI. Cycle rudder position slide control at various rates
to determine if blow-by occurs.

b. Repeat above test with the following throttle valve

adjustments;
Test Actuator load Actuator

1000 psi 900 psei

2500 psi - 1500, psi 1
2500 psi 2000 pei

2500 pei 2400 psi

3000 psi 1000 psi

3000 psi 1500 psi

3000 psi 2000 psi

3000 psi 2500 psi ;
3000 psi 2900 psi |

E. DISCUSSION OF RESULTS

Using the set-up shown in Attachment Nr., III, tests were
started on 23 February 1966, Visicorder readings showed two
instances where actuator ~licinel seal blow-by may have occurred.

More detailed evaluation of these readings led to the conclusion

that these instances were not blow-by and were cauged by moving the
.etering rod in an erratic manner. Aticmpts to obtain blow-by were
nnguccessful uging the load set-up shown in Attachment Nr, IV and the
alternate load set-up (Attachment Nr. V) at various metering rod
movement frequencies and amplitudes. An electric motor drive was ,
used to move the metering rod after several days of attempts to

obtain blow-by by manually positioning the metering rod. Blow-by | f
phenomenon ag defined for this program occurs when a large volume '
of fluid (approximately 3 gpm and above) under pressure passes acCross
the piston seal for periods of tenths of a second to several seconds
causing the actuator to become ineffective in performing its intended




e e e it s g et

——a e g

function during these intervals. Personnel representing Shamban made
a vigit to Wright-Patterson AFB on 2 March 1966 to discuss the test

program objectives and assistance was obtained from these repre- l
sentatives. A total of 8 teflon channel seals; 4 with faces notched
and 4 unnotched, were submitted by Shamban for this program. Thewne
seals were received on 10 March 1966. During this visit, the load t
actuator was removed to determine the condition of the channel geal
a8 a result of the tests conducted as of that time. The channel seal
in this actuator was in good conditien and the actuator was agsembled

and reinstalled in the test system.

In an effort to obtain blow-by phenomenon, the clearance
between the width of the teflon channel geal and the channel seal
groove was varied during this test program as shown in Attachment
Rr. VI. The seal/groove clearance of the test and load actustors as
received through Air Force supply channels were .012 inches and
.016 inches respectively. On 11 March 1966, these seals were removed
from both actuators and negative clearance seals were installed and
tested. After several days of testing, the load actuator was removed
from the test set-up whereby the seal could be replaced with a seal
enabling a seal/groove clearance of ,000 inches. No blow-by
occurrences were detected during these tests using the oversize
channel seals. During disassembly of the load actuator, the piston
with the oversize seal could not be pulled out of the housing and
it was necessary to use a chain pull to remove the piston assembly.
The channel seal was found to be cracked in many places across the
circumferential face of the seal. During thic portion of the test
program, several 5000 psi pressure transducers failed on the test
actuator. Pressure peaks exceeding 5000 psi were recorded on a
hydrauliscope. Consequently, it was decided to continue the test
program without recording pressures for the test actuator. No
blow-by occurrences were detected on the zero clearance seal
installed in the load actuator. New high pressure (7000 psoi)
transducers were installed on the tast actuator on 21 March 1966.
Also, the zero clearance seal from the load actuator was replaced
with a seal having .025 inches seal/groove clearance. It was also
necessary to use a chain pull to remove the piston with the zero
clearance seal, This seal had several cracks in its circumferential
face., The tests continued on these seals using the electric motor
to cycle the metering rod of the actuator. During this interim,
provisions were made to obtain a vibrator which could be used to
investigate blow-by at high frequencies. The vibration equipment
was adapted to this test stand on 24 March 1966, The metering rod
was oycled at various amplitudes with frequencies from 0 to 20 cycles
per second, No blow-by ocourrences were deteoted during these tests.
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Up to this time of the test grocram, all tests were conducted at
anbient temperatvres 70 + 20 F., Accordingly, the actuators were
packed in dry ice and sllowed to cold soak for one hour at -40°F,

No blow-by occurrences vere detected during cycle tests following
the low temperature soak. On J1 March 1966, the test actuator seal
was replaced with a seal having a aeal/groove clearance of .023. The
piston agsembly utilizing the negative clvarance seal was removed
without the use of a chain pull. This seel had cracks along its
circumferential face, Evidently, this seal has been cycled suffi-
ciently to cause it to wear to the degrce where a chain pull was not
required to remove the piston assembly from the actuator housing.
Tne test actuator was removed from the test stand since no blow-by
occurrences were detected and the .,023 clearance seal was replaced
4ith a double delta, turcon channel seal., The seal/groove clearance
“or the turcon seal was also .023 inches. The low temperature test
/a3 repeated on these actuator seals and no blow-by occurrences were
iietectede The turcon double delta channcl seal was removed from
actuator 3/N 151 and an O-ring was machined to provide a cross-
gectional thickness of .,192 inches on a portion of its cross-sectional
diareter, The test actuator utilizing the turcon seal was dis-
assembled and the force required to move the piston assembly was
between 30 to 35 pounds. Technical Order 9H17-3-2-3 for P/N 65-
6511-15 actuators specifies a maximum force of 20 pounds to move the
piston assembly., The machined O-ring was installed as the channel
seal with two spiral back-up rings in actuator S/N 151. The
actuator wag installed in the test position of the stand and no blow-
by occurrences were encountered other than slight leakage which can
be expected with a worn O-ring seal. The actuator S/N 151 was
removed from the test stand and the machined O-ring was removed
from the channel seal groove. The actuator was reinatalled in the
test etand with only the notched teflon channel seal in the groove.
Testing indicated no blow-by with this seal arrangement other than
slight leakage which is to be expected.

Attachment Nr., VIII is an idealized plot of a visicorder
recording which presents data taken during this test program. The
transient pressure surges are not shown in this plot, The actual
visicorder recordings present continuous traces of each of the six
readings simultaneously which makes the piot difficult to read. The
traces incorporate timing lines (spaces), however, due to the near-
ness of the reading traces, a great amount of interpretation is
required in analyzing the recorded results. To analyze the recorder
traces, the recorder paper speed was varied from .1 inch/sec to
8 inches/sec, and the pressure transducers and the metering rod
position sensor were discomnected temporarily to analyze individual
traces during the test program.

L




If blow-by occurred during the test runs, an interruption
would be noted in the piston position trace with abrupt changes in
actuator pressures. These changes would be analyzed in conjunction
with the metering rod position trace to determine if inadvertent
movement of the metering rod occuried to cause the abrupt changes.,
Suspected blow-by incidents were attributed to this inadvertent rod
movenent. Also, abrupt changes could ocour to the piston position
trace if the metering rod was permitted to bottom against the
ectuator valve block. Since no blow-by occurrences were detected,
- no attempt was made to present the visicorder recording traces in
this report. ilso, the amount of recording paper utilized is too
voluminous and difficult to reproduce to present readable traces
whi~sh ocould be readily analyzed.

; An Unsatisfactoxy Report Exhibit Actuator P/N 65-6511-15,

S/N 332 vas received on 11 April 1966 for evaluation test purposes.

This actuator was installed in the test actuator position of the

test set-uy. The results of the test evaluation on the UR Exhibit '
aoctuator are not inocluded in this report.

During this test program, it was noted that the test actuator
valve metering control rod could be pushed far enough to permit a
’ wagher on the rod to enter the valve block a distance of approxi-
mately .125 inches. When this ocourred, the actuator valve metering
pl’de assumed a position which blocked fluid pressure and the actuator
piston could not move unless the rod was retracted to approximately
1 inch from its neutral center position. Investigations revealed that
an incorrect size washer was installed on this actuator metering control
rod. This washor had a smaller diameter as compared to the MS 15795-
211, which is the correct washer to use for this installation., To
correct this condition, the valve block which came with the load
actuator replaced the test actuator valve block which had the small 5
wagher on the metering control rod, Inadvertently, the MS 15795-211 ;
washer on the replaced valve block metering control rod was bent
wvhen the eleotric motor was started with an excessive speed setting
during later phases of thie test program. It was found that the bent
3 washer would also protrude into valve hlock causing the actuator
piston to assume a locked position. Investigatiqns were made to
determine if this metering control rod bottoming could occur in the
KC-135 airplane rudder control system. Discussions with Boeing
engineering persommel and maintenance personnel assigned to the 17th .
Bombardment Wing indicate that the washer installed on the metering f
control rod stops approximately 4 inch from the valve bloock if the
eystem is properly rigged. However, during the investigation pro-
cedures accomplished in regard to the UR Exhibit received from
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Walker AFB, it was determined that it is difficult to determine if a
washer on the metering control rod is bottoming on the valve block.
Also, applicable Technical Order procedures do not specify checking
procedures to determine if this washer can bottom against the valve
block. °Photographs are included in Attachment Nr., IX which show
the three metering control rods teated during this program. The
bent wagher and the small washer are shown in this photograph. It
is noted that the washer on the opposite end of the metering control
rod can alpo bottom against the valve block. This was demonsirated
by loosening the metering control rod nut to only about one thread
engagement. To further substantiate that these washers can bottom
out in KC-135 airplane rudder actuators, investigations of an
operational hazerd number 449, BW64-KC-135-4 which occurred at
Kinchloe AFB, mentions a bent washer. However, the investigation
report OCNCTQ-1 'MIP 0C65-7000U1" dated 27 April 1965, states that
it appears the washer was bent prior to installing the actuator in
the airplane or before the actuator cheokout by the investigator.

P. SUMMARY OF SIGNIFICART FINDINGS

The channel geal design used in the KC-135 airplane power
rudder actuator is not susceptible to blow-by occurrences. This is
based on extensive testing over a two-month period whereby two
actuators were utilized using seals exhibiting various seal/groove
width clearances. The entire actuator load spectrum was investigated
in conjunction with various input amplitudes and frequencies to the
valve metering control rod. Eesta were conducted with actuator
ambient temperature below -40 F, Effects of hydraulic fluid tempera-
tures up to 160°F were also investigated,

Over-travel of the metering control rod experienced in this
test program could cause erratic rudder responses if this condition
rrevailed in a KC-135 airplane. Improper washor installations and
bent wagshers installed on the metering control rod could permit
over-travel in the airplane provided the rudder control linkages
are not properly rigged.

The turcon double delta seal configuration presently being
supplied in kits for the KC-135 power rudder actuator creates higher
piston forces as compared to existing teflon channel seals. However,
these increased piston forces are not magnified to an appreciable
extent in pedal forces required to move the rudder.

-——
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G. RECOMMENDATIONS

It is recommended that the responsible activity at OCAMA take
appropriate action to revise applicadle Technical Orders to require
XC-135 maintenance personnel to check both ends of the rudder metering
control rod to determine if the wachers betiom on tho valve blook

body.
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ATTACHMENT NR. 1

Test Log Data

channel seal. Seal appeared to be in satis-
factory condition.

23 February 1966 Three instances of blow-by suspected
24 February 1966 No blow-by occurrence detected
28 February 1966 No blow-by occurrence detected l
1 March 1966 No blow-by occurrence detected
2 March 1966 Shamban represeniatives viewed test set-up and ’
procedures. Load 3tuator was removed from
fixture and was disassembled for inspeotion of ,
|
3 March 1966 No biow-by ocourrence detected i
4 March 1966 No blow-by occurrence detected
7 March 1966 No blow-by occurrence detected i
8 March 1966 No blow-by occurrence detected
9 March 1966 No blow-by occurrence detected

in stand noige suppressor, Stand was repaired

10 March 19fo Test stand was down due to excessive leakage !

by removing suppresgsor from gystem. |
|
|

11 March 1966 Both actuators removed from fixture. Unnotched
oversize teflon channel seals received from
Shamban were installed in the actuators and the !
actuators were reinstalled in the test stand.

i4 Maroh 1966 No blow-by occurrence detected

15 March 1966 No blow-by occurrence detected, However,
pressure transducers failed during cycle tests.

s e - o e . A e . - " d . e PP ——— s
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16 March 1966

17 March 1966
18 March 1966

21 March 1966
22 March 1966
23 March 1966
24 March 1966

25 March 1966

28 March 1966
29 March 1966

30 March 1966

31 March 1966

ro

Three transducers failed in the past 10 hcurs |
of tests. All failed units were installed on
the test actuator, Oscilloscope traces show

pressure peaks exceeding 5000 psi. Tests
continued during which only the load pressure

values were raecorded.

The load actuator overgize channel seal was
replaced with a new channel seal having a
seal/groove clearance of zero. Test stand was
down for this day since a leaking relief valve
needed repair,

No blow-by occurrence detected

Tests were not conducted. New high pressure
transducers installed on test actuator

Teats were not conducted
No blow-by occurrence detected
No blow-by occurrence detected

Test stand was down to enable vibration test
equipment io be installed in the test set-up

No blow-by occurrence detected. Frequencies
up to 20 cps were investigated

No blow-by occurrence detected.
No blow-by occurrence detected.

The test actuator fixture was packed in dry ice
and the temperature was allowed to stabilize

at -40°F for approximately 1 hour, No blow-by
occurrence during this test.

A new channel seal was installed in the test
actuator, This seal was unnotched and its
width was reduced to ensble a maximum seal/
groove clearance of .025 inches. No blow-by
occurrences during these test cycles.

¥ M AT 13




1 April 1966

4 April 1966

5 April 1966

6 April 1966
7 April 1966
8 hpril 1966
11 April 1966

12 April 1966

R e T P

Movement of the metering rod manually indicated
that the actuator valve spool could lock
pressure in the piston chamber when the rod
travel was at a maximum in one direction. The
valve block was replaced on the test actuator.
Also, a turcon double delta channel seal was
installed in the test cylinder. No blow-by
ocourrence., Examination of removed valve
block indicated that a smaller size washer was
installed on the rod permitting the washer

to enter the boss on the valve block causing
the metering spool to over-travel its design
limitc

No blow-by occurrence detected

Low temperature test repeated - No blow=-by
ooourrence detected

No blow-by occurrence detected
No blow-by occurrence detected
No blow-by occurrence detected

Removed test actuator (S/N 151) from stand and
installed actuator received from Walker AFB

(S/N 332). The actuator performed satisfactorily
during these tests. Actuator S/N 332 was removed
from the test stand and was disassembled to
ingpect the ohannel gseal, Fifteen pounds of
pull wvere required to move piston. The channel
geal was found to be aplit circumferentially.,
Photographs were taken of the damaged channel
geal installed on the piston of the actuator,

Actuator S/N 332 was reassembled with the eplit I
channel seal and was subjected to static pressure
checks up to 3000 psi. No appreciable leakage
was observed across the split seal during these
test checks. The pull forces an actuator

8/N 151 which utilized the turcon double delta
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channel seal measured 30 to 35 pounds. Actuator
rigging procedures were discussed with
maintenance personnel assigned to 17th Bombard-
ment Wing

13 April 1966 Blow-by tests were not conducted since efforts
wore being made to determiine causes of excessive
rudder pedal forces reported by Walker AFB

personnel,
‘ : 14 April 1966 No blow-by testing accomplished.
. 15 April 1966 Actuator S/N 151 installed in test position

with )92 inch O-ring and 2 spiral back-up
rings. No blow-by ocourrence., O-ring removed
! from §/N 151 and this actuator was tested with
only the teflon channel seal in piston seal
groove, No blow-by ocourrence.

18 April 1966 Actuator S/N 332 was installed in the test

i | position of the test stand for endurance tests.
Using a + % inch metering rod stroke at 128

cycles per minute, inlet pressure 2500 psi,
and load pressure from 0 to 2300 psi, loaded
in both directions of the piston stroke, the
actuator rod broke after £3,815 cycles on
19 April 1966.

19 April 1966 Photographs were taken of the failed actuator
and arrangements were made with the RTD
Materiels Laboratory to investigate the causes
of rod failure from a material properties

' viewpoint,
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ATTACEMENT WR, VII

rumentation List

2 Pressure T - 1sducers (0 - 5000 psi); Statham PG 2467TC-5¥-350

1 Pressure Transducer (0 - 10,000 psi); Norwood S/N 3537

1 Pressure Transdwser (0 - 10,000 psi); Control Engineering S/N 768
1 Visiocorder, Boneywell Model 1508

1 Vibretion Test Set; MB Mamufacturing Company, Inc. Model CID

1 Linear Position Transducer (2 inch travel); Link Aviation Inc.,
P/N 245103, 50 Xr, 1163A

1 Rotary Pot (4 inch oircumference); Spectrol Electronics Corporation,
Model 200490, 500 r
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ATTACHMENT NR. IX
List of Photographs

IITIE
Fluid Powver Supply Apparatus

Test Pixturs with Aotustors Installed
Test Circuit Apparatus

Vibrator Control and Visicorder

Views of Metering Control Valve Face

Washer Installations on Metering
Control Rod

Damaged Teflon Channel Seal Removed
from UR Exhibit Actuator

View of the Teflon Channel Seal
Configuration
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TEST FIXTURE WITH ACTUATORS INSTALLED

FIGURE 2
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YIEWS OF METERING CONTROL VALVE FACE

PIGURE 5
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